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LENS SYSTEM 
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• R13 1 (INFORMATION PROCESSING— Microcomputers & Microprocessers) 
Abstract: 

PURPOSE: To smoothly move a lens even at the time of slow zooming by making the manipulated 
variable of a zoom demand and a change of an image field correspondent constant. 

CONSTITUTION: A slider W moves along a resistor R in a potentiometer 32 when the zoom demand 
31 is operated. The output from the sUder W is converted to a digital signal and is inputted as a demand 
signal S(sub n) at every specified sampling time to an arithmetic unit 37. A position detector 43 detects 
the position of the lens 41 and the detection signal is converted to a digital signal which is inputted as a 
lens position signal P(sub n) at every specified sampling time to an arithmetic unit 37. The arithmetic 
unit 37 forms a control signal of a motor 42 by executing arithmetic processing of the demand signal S 
(sub n) and the lens position signal P(sub n) and moves the lens 41 to a position corresponding to the 
operation of the zoom demand 3 1 by the calculated speed. 
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32 W 



1 

7 -fe y h fii*jn^/c<i-^?r<ieffl L-r BilfB u > x%$ijia)-r 

S C i ?r1$gi[ i -ri) U > X'>X f A, 
IW*:i2] 7'Ue*pf5ffl©X-AU>Xi. KX 
- A U > X^jSff -r -2) X- ASf^Sm <t?:(ix/cU>X 
>';^7-ACcfe(,»T> B5iBX-Aasf'PSBtt®jSf'Pf|CcS-3 
^ i^-c u>Xfigig^ffifi^^?ll^-rsm i ©iSS:^© 
X-A^tg?:WT'Sb>X©{4g?:MUl-r'5L'>X 
fiS^Si. H!rfBb>X©^ttijia5rtJ^ai-r-2>/i:&©jt 

u > Xijgjg^fflft-^ 4 Birie u > Xfig^^tti^SfcjiP 6 
ai;^3nteb>x{4gfi-^i?rj)SS[-r€>m i omn^^ 
B«§eu>xfifg(t^*^e>Hufe^:7-fe--' i-ffl>Sriil»-r 

1 ©tits^S i . 1 ©ifiti^S* 6®tlli^;<i-^ 
4 lulB u > X2St^Hi#K*> 6 ©tB;^ft^ i 

^^i^t^t^tciixDmzomm^mt^&mi', irtsu> 
xfigjg^&ffld-^ i Sfia u > xfiF gjg^fiifi^ i ©^^} 

X**iJ0p-r 5 C i -r S U >X->;^ A. 

[it*S3 ] H«iB:t:7-fe >ffl<3;miBU>X©jag?: 
UcmWiicJ: 0 S C t i LfcH*^ 1 X 

it 2 (Cf Big© U > Xi/ X f A. 

[|^W©i¥»ift?^] 
[000 1] 

iSffl 3 n 4 X- A U > XRi>*X- A u >xgi(^gm*# 
[0002 1 

[fiE*©8?^S] S6Wfie*«!«©«fiX0r*»3. rutr* 

;^7-A©«fi5cEr*^.„ X-Af^vX-'lOrtSpcctt. 
'-i<7->~>.3y-3f2*5^We.ti. CO^-r^S^g^-if 

Wi«:J:0^fiS3n-Cti.S. fiCiR©P5««. X-AU 
>X3©rtSIJ©ffl;'3^Efii+v. -v©@smEiS4> 
5{cSM$n. }iSf)^w«x-Au>X3rt«:i9:W6ti 



(2) 1$gg^8 - 2 9 6 6 1 

2 

fc^«»^§6©+^^^. ?SI»i§i{8S7. X-AtSft6^WT 

^U>X8?:|gS6-rst-^9(c|lB>X«:Si^$tx> 

S 6 ©-«8^K:«*- $ 9 Oft jSg?:*lffl-r •S.jigfelffl 

[000 3] gn'p^m'=&Kgi^pffi-r.s/c*{cx- A 

^7->i^3y-i?2 ©J§i|j^-w*5^i6 L r ffitxR i ®g 
**i^Kil>. fiSii-fW*^®tH;^m:^*5^^k-r.2.. c® 
J: '5:mi6^W*^6®aJ:t»®^^b(*iimg'^ft-^<!: LT 

9 ©HKiis^t^tti L . . nm&m^t vxmns Q^m 
t)bx{,>6. iig!^6«c©jiS}g^<i#iftiigm# 

Wig? K:tti;^-rs. ?SI»Jiifig 7 (ic©^^^<i-^a* 

X8 ?rX- Arv> K l ©aif^6C>Ff)CE-r^fii:tC^«)-r 

[0 00 4] c©si*wctt. u>xmmitmmms.m 

mXSf>*). X-A7=V>Kl©iif'^ai, U>X8©^ 

20 K)iigi©H^^(3:-«fi<jK^$nriiS.. L*>L/J&*i 
6. X-AT^v^FlC^f^a^r-SfCL/r. 
6Mj^*-C©X-5>i^?:tfo/cli-^iC«> Hft©^ 

-(tii-scc^f^Ttc^ SBi«©ifi«-c®ft®^it*sifa 

s^c-r^i-^tcx-Af^v^ F 1 ^aifpTsciii 
^micmmx$>6. 

[0005] &^xu±m<ox^.^mmt^fcit>i,c^ m 

n<omt i X- A 7^-7 > K 1 ®^(^g t ifi—mic J: 
^(cu>X$iJtBI?rtf ^ U>Xi^;^f-A*s#SgStir*j 
30 f3> S7(*C©<fc^!SU>Xi/;^7^A©ffe©fie*«H|or)^ 
fmx^i>, X-A-fv>Kl l©rtg|J«:«, StCiRi 

atitROMffiax-AU'>xi 3©rtg|5©ffl:^)fflj6i 
+v, -vommmsMi 4. i 5*5^^3 n. ski^ 

W®m;>3«A/D^feSl 6*/^b-Cv-r^'^3>t•^ 

-■simomnmm 1 7 . d/a^j^ 1 8 . am^ 1 9 

(D+m-. Slgtlti|ill2 0?r/rLr«©g2 
■ K^filSn. ?«»g2 l©tti;'3WjS»ltfig2 2> U> 

X2 3 ?:^«i-r 5*- ^» 2 4 k:«;xk:s^3 n-ri^-s. . 
40 u>x2 3®ag?:*^tti-rsfiiafeimg2 5©m 

:^J»S^gl 9©-«g^(Cjfji3n. 2 4©ftjl 

licmMLX^^^, 

[0006] af^^m-^.ffiH^riafp-r-E.fc&tcx- A 

l^-C. -E-©^f'PfiS0"':&Ial«:a«)LTgtaRA5J:T«:a 
o-c^ibu-r, }iS6^Wi®S**5i^i!rrs„ SSb^w 

i>. JiKi^-W*>6©ttJ;^{J. -S©-t>:/"'j>W^S 
50 KA/D^jftSi 6«:j:or'?yi»;Ki-^{c^^3ti/c 



[0 00 7] C<DRg«C. fig«^ffiS2 5{iU>X2 3© 

n> ii^(i-^iu-cjSi^ifig2 0«:A^3n*. 

1c. iiSt^ttlS2 6«*-ii2 4©ftjia?:*^HlUtft 
aeii^i briiSStS2 1 <.mt>hxi6^, iHSitifig 
2 0«ctei,^rc©A:^im-^«tiilii§nr?«#S2 item 
:hitih. «SfS2 iKfcc^T. ?ll»tiitig2 1*^6© 

i Lr?s»iiiiS2 2 (ctti;^§ ns. 2 2 « 

c©^(i-^?rJtiliab*-3?2 4{cai:^-r-s. *-^2 

*tj£-r.s&g{cb>x2 3 

[0 00 8] c©ae*^{c*ic^r. b>x$ij®i{j^ai)B5f 

f^©U>X2 3©{±i:©^fb(cS-:Jl,^rU>X2 3*ig 

> h' 1 1 ©^fPfi^r-SCC L.fcS iiiW©^fb*s-S 
{C)i.Sj;^Ad:i»X2 4®§lJffilTSCi*5i5Jtg-r*^. 
[0009] 

[|6W;0i»^Li'5i-r.5ISS] Lti^Lt^ifih. 07 (C 

$>6tcli). U>X2 3^SS!)-r-<|?fifgiU>X2 3© 
»«i-r^if©fi;gi©^*5^S^*-cA* < i&e^c 

l^i.. U'>X2 3*i^S!lt?tt^Cl,i. #(C> XD-X-A 
il)f«nS|IN^CCiil,^X-5>i^«r^f ^i. U>X2 3 

^mmic^^M-r. c©j; u>x2 3 ©«)t*iwfls 

[0010] *ifew©ew«> ±^©Fm'^.*»?SL/X 
-Af^-7> K©a<'pflK:*turiaft©g{t?:-^«cb. 

n - X- AB^-c U >X*5R?t«:^ttoIg6* U > 
Xt/Xf- A?:tit!t-r S C iK^S. 

[001 1 ] 

*©^m?^^^Sl/>XixXf-A«, T-Ut^^y^ffl 
©X-AU>Xi. iSX-AU>X*aif'p-r'2>X-Ag| 
<'PS|5tti?r(i^ytb>X2^Xf-A{Ctel^-C. X-AtSfife 
U>X©i4g«rt^ffif -S W>Xas«ltH^I3 
H!ftBU>X?r|gSt|-rSlg«l#®i, lulSX-A^f'f 
SPttJtP 6ai*S*i/cU> XJg'^ffiM^ £ BU IS Ix > Xfitg 

BUiE U>X{4gm^7!P6:*-7-b^; 

^mt^^L, B«iau>xjg<&fiiM^<!:Bfrfau>xfig 



(3) i^l§¥8-29 66 1 

ffl L rtuie u >x?:Sij®r -s c i ^i^mi -r -5. 

[0 0 12] Sfc. fli2W^iC%i>vyXiy7.TMt, 
>H:f:t/^7ffl©X-AU>Xi. teX-AU>X?:ai 
(^■r.&X-AJSf^g|5tt<t=&(tx./cU>X>';^f-A6cfel,^ 
r. B«iBX-Ag|f'pgqivt©^f'pgCcS-:JliTU>X{4g 
. }g<%«l<i^?:Vlim-r5mi©?SSL#©<!:, X-A®Sg5r 

w-r^.u>x©(4g?:*iffl-r.5b>x{4g^®i, ilia 
u>x©^itiag4*iuj-rsfc*©jsg«^iii#g<!:; m 
10 tz\y>x^wMti>mmwLt, B«iau>x{4gfg^ffl 

ft^imfia u>X{4g«|ffl^g{c*i6Hl:^ § nfc u>X 
{agM-^i?ri«mt.&^l©«©^®i. fiieb>X{4 

g<i#*^ 6 liria:*- v^vv mmnt ^tatom 2 ©?ii 
3(Dmn^&ivnhtifcmn^mmt?>m 1 ©ififi^s 

<!:, Km 1 ©itili^©*^6©a;^fi^imiiBu:^X3iS 

20 «)©0 2 ©itli#e £ L > luia U >X{igf 

^iBUiEU>X&gJg^fflfi^£©M5>m-^CC:t7-fe 

[0 0 13] 

wmi ±^(omfS.^m-r^mi RDf^2©u>xi^x 

ex- A b >x©ssi{4g^^-r u> xfig}g-^ffl^?ii 
SL. u>x{4g*im^s«ix>x©{4g^^-ru>x 

30 g}g^£U>X{4gfi^?:igJgU. C©fi-^iU>X 

-c> mi^H^{cte(,>r«. c©<i-^^«MLru>x$ij 
ii^m^ l^2^?«{cte(,ir«, c©ffi^iu>Xiig 
^^ai^l3*>e..©ffl:^«#<!:Ka-5c^r uyxmmt 

[0014] 

xnmic^mtio m mm 1 ©n^i^ic^fiss-c* 

40 X-Arv>F3 l©rtgp«:W. gJaRifflWH^W 
£-C^fiJ3tifc4<f->i/3J<-a?32*sigl:t?>ti. C© 
fi!nR©SJS«X-AU>X3 3©rtg|!©mEfii+V. 
-V©@S^Ej!53 4. 3 5(C(i-^i®?:/M.rSl^S 
n, SS(l^W©tiJ:<3«X-AU>X3 3©rta5©A/D 
^S3 6. v^^a3>f^-^^©^©S^3 7, 
D/A^J^S3 8. SE#g3 9©+ffi^. «miifig4 
0. X-5>d/«tg:&Wr^U>X4 l^igib-rS^- 
5'4 2{C»X{cg^S*T,-Cl».5. MCC, U>X4 1©{4 
g?:«lttl-rS{5g«miS4 3©ffi;^«A/D^^S3 6 

50 ?r/M^r}||©«g3 7K:mcc«^3n, *-i?4 2© 



(4) 



ma¥8-29 66 1 



s^^3 7{icne>r^v> KM^s„Ri:;u>x{4gfi-^p„ 
[00161 mz^trnwrn^^ 7 (oxm^moim^m. 

;*cfiisnBxf ^-r -S c i cc J: 0 » n ^. . 
•••(1) 

©tt. OS «j F„/F„ = c i^cC S J; ^ i<ciri,-sm 

F„ = F„_, • (Ft/Fw)' [fc/cL. a=S"„ -c] ■••(2) 
[00 18] CC-C. fvAtmn^<Dm!^m^-C$>'0. Ft ★>XfirgJg^fiiQ?:ii|#L. lJ->:/"J>i/BU©U>Xt4 

«a^©)»„-^.!s^r*'j. ^mcitiKnmf)^^m.mm 20 gjg^fitQtftcciBK-rSo 

[ 0 0 2 0 ] ;^ 7^ y :7"s5-c, mnmm: 3 7 sjisgt^Uis 

4 3-Cffe>n/cU>XfiSfi^P„?rSX«)iia'> i-?* 



[0015] jifp^m^-^^iagp-r^fctoccx-A 

X-Arv>K3 l^rSfgr •&<!:. ^f>>'3^-f3 
2«:*$t,^T-?-©fig{'PSSc;*|SiK:ilSiU-CffiCiRK:?8-3 
■CSS!H^W*5^ttL-C. fi5i[Ri©«ii*WrS. C 
. ©« *©{4g i }iS)^^W*> 6©ai:'3m;'3«-SWtc?=ttc; 
L> }i«i^w*>e.©aj:^«A/D^S4 3(ctet,^t:f' 

>:7->;>i^^raffcc?ii^a3 7(cA;'3Sns. s/c 

{4g*ltBS4 3WU>X4 l©{4S^&t^tHL. C©^ai 
m^«A/D^^4 3«:tet,>T^S?Kfii^«^7'S?f * 

S' „ = S" „ /Smax 
[00 17] :5^f--;':7's3-C«. lEJaftm-^s-n «CS-5l> 



c = <5t /T-C*S. 

[0 0 1 9 ] X7^2» 7*S4T«. J'^^m^tltc^tky— 
P', =Q-P, 

[0 0 2 1 ] xt- v ysTv. u>x{4gfi-^p„;&s?Si 

H3K:^-rJ;^/j:MI^«:ffll,^-SC<!:*5-C A 
Poff= CM [Pw ^P,^Pa] 
POff= (Ob-Ow) /(Pb - Pa) • 
Poff= (Ot-Ob) /(Pt - Pb) • 
[0022] ^C*3. ^W^tvyXA 1 
i^©U>Xag^-^P„-C*»), ^^PtttU>X4 1*i 
M®^{C$)Sif?©U>X{4g(i^P„T*)So . 

[0 02 3] y^7^-:;:?'S8r«. ^^-^F', ©??#*# 
^itLr. X-f--^7'S6t??||^$n/c^M^r„ CCX-f 

P'."n = P"= +RDff [Q-Q,-,<0] 
P^\ = r„ -Raff [Q,-q,.,>0] 



•••(3) 

l^t. ia«l«:t7H2 7 hfflpoff^r^b. ^W«U>Xi4g 

m-^©fiip„?r^L'ri,»^>, c©Ba^Poff=f(p„) {J^^S; 

•••(4) 

(P„ -Pa) +0w [PW^Pn^Ra] -(5) 
CP„ -Pb) +0b [Pb ^P„iPt] -(6) 

♦ y'STV^hn^cirv -b v V fiiPoff^ttimXttj^ ft 
^p^'rv&gttb-rs. 3li^>:7'y>m*r©u>xag 
^g^tiQ i . 1 :/ > ysii© b > Xfirgji<&fi5:c 

„ - , i ©M^^*^ 6 . m-^P^ ■ . C i *i-c 

••(7) 
••(8) 



P"\ = r„ +0 (B3ff=0) [Q-Q.. = 0] 

[ 0 0 2 4 ] XT' -V •:^ss'QmX^Vmtj^ ^ {c. ff^p * iiUtiiti. 
".{C. gt^-S©^)J»G?:^Oru>Xjia}g^ffiv„ * 
v, = G- P'-, 

[ 0 0 2 5 ] X f - 7'SIO t? . C<DU >XjSaJg'^fflV„ 
« D / A 44{cffl:ti snT:T:^a m^ic^Sk S 
ns. SK:. c©7:^^^^^i■^t^^l^@S3 9K:ffl;'33 

U. X-AX-A7^-7>K3 l©l6ff{cS^fc;-r-5{4g«: so 



•(9) 



• -(lO) 

U>X4 l?ri^«)-r^, 

[0026] ^mmmvit. m 2 (CTj^-r j: 5 (cissi^g 

U>X4 1 «rn?t«:^Kl-r.5.Ci*s-Ct-5.o 
[0 02 7] H4«^2©^W©«fi£0r*f). X- 



(5) 



?#gg^8-29 6 6 1 



8 



X-AU>X5 40rta5©A/D^^S5 6, v 
D 3 > f^^L - ^fl?©S^g 5 7 . D/Aglfeg 5 

«0{4M«lffiS6 2©ta:^*5, *'i7>3?6 3?r/M/T?SI 10 
[002 8 ] aSf^*lX- K 5 1 =&aifPf -5 

^ttT^So Ji«)^=-W©tH*mEEffl«C©S^5©{4g(C- 
aWtcmU. SI!()^-W©ffi:'3ttA/D^^g5 6-C7^ 

[0 0 3 1 ] -e-tr, ?i#sig5 7»u>xjiajg^fii 

v„iU>XSau,i?r!)^T.5. C©ieil«^M^i 20 

>X6 0 ?r»tH§nfojie{Cj: D > X-At'v^ K 3 1 
(0 03 2] »l©Jlte0ll-C{i. *-^f4 2©ftj$S>Sr58 

P'"n = F'„ +0 (R3ff=0) [C, 



* 5 6 tmno-^yv >y^PBi#K:A;^$ n.^. 

[0 02 9] C©Rg(C{4g«^ti]g6 2«U>X6 0©{4 

l>-5). *'?>i'6 3«C©ri'$;l'a?:Bfi^K:S»t 
■c. u.>X{4gm-^p.iLriettl-.2)i«fc. §fSoif 

[ 0 0 3 0 ] ?gg:i^g 5 7 {cteiv"^. c n e)©?"-?-^ i- 
(i-^S„iU>X(4g(i-^P,4?:j||»J!iat> *-^f6 1 
©SlJiSIfi-^^rf'PfiXLTCi?*, C©?ll»tea©iili«S 2 

^xjiSJg'^liv,^**. sec. ^i^->7-'j>i^isj.ts-c 
©u>X6 o©3iS*a-r u>xjisu^:**t:t,i.s, 

C©U>XjigU,lt:*;'5>5! 6 3 cciats$nt:(,»-5) u> 
xfigfi-^Pn i 1 >i^BiiKA;^$n/cu>x(i 
gfi^Pn-,, ■f>^''jymmst =5rffl(,^r^XiC©J: ^ 

•••(11) 

■c^^tbL/TCi^*s. c©ii2©siiS{ai-c«{4g^ttiS6 
2Ci:tei,^r u>X6 0©^S(jl!i©{ig;&x>>$;i'Si l 
•c*^aiL> u>X6 o©^»iaa^»Hi-r^c:i«:j: 

•3. mi©»ffi«iiiiii©^^3!i^»f)n^. 

(0 0 3 3] !Ste. m^P'\>S:^li)imc. S(7) ~« 

(9) ^rfflc^snotc, OT(c«-rs;?:flWi-r4c<!:^)-c 

-Q.,>0. ^0] -(12) 



ioo3 4]m5itm3<ommm<Dmfm-c$>^. x- 

Arv>h-7 l©(^g|5CCt*. x>3-^7 2*s^Wf) 
ti, x>=J-i^7 2©Hi;^«;*7^?>$7 3. g|»i^g7 

iicm-xicim^ti. MK, ?iig[^g7 4©m;^«m-^ 

^%/i-LTX-AU>X5 7©F«?gl5©?gm^g7 6, A 
/D^g7 7. ?ll©iiifiS7 8. X-l.i^m=^mt^ 

u>x7 9 5:igK)-r^*-$8 Oicm-Xicmm^tixi.^ 
•5, Mcc. t'>X7 gottg^^ita-r-S'f >i"jy>d' 
;^x>=J-y^©{4g^^l^t^S8 KDm^tiP'^ynaz 

[003 5] asfp«*sx- at'vv k 7 1 =&aif^-r-5 

i, ■?-©aifPici6Dt:x>3-i^7 2*>e)''N"^l'XWffl 
:^;§h.?). c©>'<Ji'X5U{**';;>i'7 3K:tei,>-c»ii©X 
is»iig7 4«ctet,^r, ^i^iDmimr 
7^-7 > Kfi-f s, i Lr-^©-9->7"'j >i^B#ra^(cX- 
Au>X7 5©rtS|J©SI»^g7 etcA;'?^^*. s 

/c, {4g*iaiS8 1 «b>X7 9©(4S?rt^ffiL. C© 

:t>'i?>f 8 2ttC©7'-:>i?Jl'a?:ffiB$K:S©l>. 3S 
■^>-:f>) >i^^,^X©U>X7 9©ag?rS5^-rsu> 



+ P0ff [Q -Q.,>0, r„ >0] 
+ 0 (R3ff=0) [Q -C-, = 0] 



(13) 
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(54) [Title of the Invention] LENS SYSTEM 

(57) [Abstract] 

[Object] To move a lens smoothly even when slow zooming 
is performed by keeping the amount of operation of a zoom 
demand and a change in the field of view to be constant. 

[Solving Means] When operating a zoom demand 31, a slider 
W is moved along a resistor R in a potentiometer 32. The 
output from the slider W is converted into a digital signal 
and is input into a computation unit 37 as a demand signal 
at every constant sampling period. A position detector 
43 detects' the position of a lens 41, and this detection 
signal is converted into a digital signal and is input into 
the computation unit 37 as a lens position signal P^^ at 
every constant sampling period. The computation unit 37 
processes the demand signal Sj^ and the lens position signal 
Pn so as to generate a control signal for a motor 42. The 
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lens 41 is then moved to a position corresponding to the 
operation of the zoom demand 31 at the calculated velocity. 
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[Claims] 

[Claim 1] A lens system including a zoom lens for a 
television camera and a zoom operating member for operating 
the zoom lens, said lens system comprising: lens position 
detection means for detecting a position of the lens having 
a zoom function; drive means for driving the lens; 
subtraction means for determining a difference between a 
lens command signal output from the zoom operating member 
and a lens position signal output from the lens position 
detection means; computation means for computing an offset 
value from the lens position signal; and amplifying means 
for amplifying an output signal of the computation means, 
wherein the lens is controlled by using a signal obtained by 
adding the offset value to a difference signal between the 
lens command signal and the lens position signal. 
[Claim 2] A lens system including a zoom lens for a 
television camera and a zoom operating member for operating 
the zoom lens, said lens system comprising: first 
computation means for computing a lens position command 
signal based on the amount of operation of the zoom 
operating member; lens position means for detecting a 
position of the lens having a zoom function; velocity 
detection means for detecting a moving velocity of the lens; 
drive means for driving the lens; first subtraction means 
for determining a difference between the lens position 
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command signal and a lens position signal output from the 
lens position detection means; second computation means for 
computing an offset value from the lens position signal; 
third computation means for performing computing by using a 
signal obtained from the first subtraction means and the 
offset value; first amplifying means for amplifying a signal 
obtained in the third computation means; second subtraction 
means for determining a difference between an output signal 
from the first amplifying means and an output signal from 
the lens velocity detection means; and second amplifying 
means for amplifying a signal obtained in the second 
subtraction means, wherein the lens is controlled by using 
an signal obtained by adding the offset value to a 
difference signal between the lens position command signal 
and the lens position command signal. 

[Claim 3] The lens system according to claim 1 or 2, 
wherein the offset value is obtained by a function using the 
position of the lens as a variable. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Field of the Invention] The present invention 
relates to a lens system including a zoom lens used for, for 
example, a television camera, and a zoom lens operating 
member. 
[0002] 
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[Description of the Related Art] Fig. 6 is a schematic 
diagram illustrating an example of a known lens system, 
provided for, for example, a television camera, so as to 
adjust a focal length. A potentiometer 2, which is disposed 
within a zoom demand 1, includes a resistor R and a slider W 
which is movable on the resistor R. One end of the resistor 
R is connected to a fixed voltage source 4 having an output 
voltage +V disposed within the zoom lens 3, and the other 
end of the resistor R is connected to a fixed voltage source 
5 having an output voltage -V disposed within the zoom lens 
3. The slider W is sequentially connected to the + terminal 
of a subtractor 6, an operational amplifier 7, and a motor 9 
for driving a lens 8 having a zoom function, all of which 
are disposed within the zoom lens 3. The output of a 
velocity detector 10 for detecting the angular velocity of 
the motor 9 is fed back to the - terminal of the subtractor 
6. 

[0003] When an operator operates the zoom demand 1 for 
adjusting the focal length, the slider W of the 
potentiometer 2 is moved according to the amount and the 
direction of the operation so as to change the contact with 
the resistor R, thereby changing the output power from the 
slider W. The output change of the slider W is input into 
the subtractor 6 as a velocity command signal. Meanwhile, 
the velocity detector 10 detects the rotational velocity of 
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the motor 9 and outputs it to the subtractor 6 as an angular 
velocity signal. The subtractor 6 calculates the difference 
between the velocity command signal and the angular velocity 
signal and outputs the calculation result to the operational 
amplifier 7 as a difference signal. After amplifying the 
difference signal, the operational amplifier 7 supplies it 
to the motor 9 and drives the motor 9 to move the lens 8 to 
the position corresponding to the operation of the zoom 
demand 1 . 

[0004] In this example, the control for the lens is so- 
called "velocity control", and the relationship between the 
amount of the operation on the zoom demand 1 and the moving 
velocity of the lens 8 is uniquely determined. However, 
when zooming from the telephoto end to the near end is 
performed while keeping the amount of the operation on the 
zoom demand 1 to be constant, the angle of view does not 
change uniformly, which gives the impression that the angle 
of view changes at high speed near the telephoto end. It is 
also very difficult to operate the zoom demand 1 so that the 
field of view changes uniformly. 

[0005] To overcome the above-described drawback, a lens 
system for controlling a lens so that the angle of view 
changes uniformly and the amount of operation of the zoom 
demand becomes constant has been invented. Fig. 7 is a 
schematic diagram illustrating an example of such a known 
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lens system. A potentiometer 12 including a resistor R. and 
a slider W is disposed within a zoom demand 11. One end of 
the resistor R is connected to a fixed voltage source 14 
having an output value +V disposed within a zoom lens 13, 
and the other end of the resistor R is connected to a fixed 
voltage source 15 having an output value -V disposed within 
the zoom lens 13. The output of the slider W is connected 
to a computation unit 17, for example, a microcomputer, 
through an A/D converter 16, a D/A converter 18, the + 
terminal of a subtracter 19, and the + terminal of a 
subtracter 21 via an operational amplifier 20. The output 
of the subtracter 21 is sequentially connected to an 
operational amplifier 22 and a motor 24 for moving a lens 23. 
The output of a position detector 25 for detecting the 
position of the lens 23 is fed back to the - terminal of the 
subtracter 19, and the output of a velocity detector 26 for 
detecting the angular velocity of the motor 24 is fed back 
to the - terminal of the subtracter 21. 

[0006] When an operator operates the zoom demand 11 to 
adjust the fecal length, the resistor R moves vertically in 
accordance with the amount and the direction of the 
operation in the potentiometer 12 so as to move the contact 
with the slider W. The output power from the slider W is 
uniquely determined in relation to the position of this 
contact. The output of the slider W is converted into a 
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digital signal by the A/D converter 16 at every constant 
sampling period, and is input into the computation unit 17 
at every sampling period. In the computation unit 17/ a 
lens position command value indicating the position of the 
lens 23 after being moved is computed. The computed lens 
position command value is re-converted into an analog signal 
by the D/A converter 18 at every sampling period, and is 
input into the subtractor 19. 

[0007] Meanwhile, the position detector 25 detects the 
position of the lens 23, and outputs it to the subtractor 19 
as a lens position signal. The subtractor 19 determines the 
difference between this lens position signal and the output 
signal from the D/A converter 18, and outputs the difference 
to the operational amplifier 20 as a difference signal. The 
velocity detector 2 6 detects the angular velocity of the 
motor 24 and outputs it to the subtractor 21 as an angular 
velocity signal. The operational amplifier 20 amplifies the 
input signal and outputs it to the subtractor 21. The 
subtractor 21 calculates the difference between the output 
signal from, the operational amplifier 21 and the angular 
velocity signal, and outputs the difference to the 
operational amplifier 22 as a difference signal. The 
operational amplifier 22 amplifies this difference signal 
and outputs it to the motor 24. Based on this signal, the 
motor 24 moves the lens 23 to the position corresponding to 
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the operation of the zoom demand 11. 

[0008] In this example, the control for the lens is so- 
called "position control" in which the lens 23 is moved 
based on a positional change of the lens 23 before and after 
being moved. It is thus possible to control the lens 24 so 
that the field of view changes uniformly while keeping the 
amount of operation of the zoom demand 11 to be constant. 

[0009] 

[Problems to be Solved by the Invention] In the example 
shown in Fig. 7, however, since the control for the lens is 
so-called "position control", the lens 23 cannot be moved 
unless the difference of the position of the lens 23 between 
before and after being moved is sufficiently large. 
Particularly when a very slow zooming operation, which is 
referred to as "slow zooming", is performed, the lens 23 
does not move smoothly, and such a motion of the lens 23 is 
adversely reflected on the image. 

[0010] It is an object of the present invention to provide 
a lens system that solves the above-described problems to 
change the angle of view uniformly in accordance with the 
amount of operation of a zoom demand and that enables a lens 
to move smoothly even when slow zooming is performed. 
[0011] 

[Means for Solving the Problems] In order to achieve the. 
above-described object, a lens system according to a first 
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invention is a lens system including a zoom lens for a 
television camera and a zoom operating member for operating 
the zoom lens. The lens system includes: lens position 
detection means for detecting a position of the lens having 
a zoom function; drive means for driving the lens; 
subtraction means for determining a difference between a 
lens command signal output from the zoom operating member 
and a lens position signal output from the lens position 
detection means; computation means for computing an offset 
value from the lens position signal; and amplifying means 
for amplifying an output signal of the computation means. 
The lens is controlled by using a signal obtained by adding 
the offset value to a difference signal between the lens 
command signal and the lens position signal. 
[0012] A lens system according to a second invention is a 
lens system including a zoom lens for a television camera 
and a zoom operating member for operating the zoom lens. 
The lens system includes: first computation means for 
computing a lens position command signal based on the amount 
of operation of the zoom operating member; lens position 
means for detecting a position of the lens having a zoom 
function; velocity detection means for detecting a moving 
velocity of the lens; drive means for driving the lens; 
first subtraction means for determining a difference between 
the lens position command signal and a lens position signal 
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output from the lens position detection means; second 
computation means for computing an offset value from the 
lens position signal; third computation means for performing 
computing by using a signal obtained from the first 
subtraction means and the offset value; first amplifying 
means for aimplifying a signal obtained in the third 
computation means; second subtraction means for determining 
a difference between an output signal from the first 
amplifying means and an output signal from the lens velocity 
detection means; and second amplifying means for amplifying 
a signal obtained in the second subtraction means. The lens 
is controlled by using an signal obtained by adding the 
offset value to a difference signal between the lens 
position command signal and the lens position command signal. 
[0013] 

[Operation] In the first and second lens systems having the 
above-described configurations, a lens position command 
value indicating the position of the zoom lens after being 
moved is computed in the computation means from the amount 
of operation of the zoom operating member. The lens 
position detection means outputs a lens position signal 
indicating the position of the lens. In the subtraction 
means, the difference between this lens position command 
value and the lens position signal is computed, and the 
offset value is computed based on this signal and the lens 
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position signal, thereby determining a signal obtained by 
reflecting the offset value on the output signal of the 
subtraction means. Then, in the first invention, the lens 
is controlled by using this signal, and in the second 
invention, the lens is controlled based on this signal and 
the output signal of the lens velocity detection means. 
[0014] 

[Embodiments] The present invention is described in detail 
below with reference to Figs. 1 through 5 through 
illustration of embodiments. Fig. 1 is a schematic diagram 
illustrating a first embodiment. A potentiometer 32 
including a resistor R and a slider W is disposed within a 
zoom demand 31. One end of the resistor R is connected 
through a signal line to a fixed voltage source 34 having a 
voltage +V disposed within a zoom lens 33, and the other end 
of the resistor R is connected through a signal line to a 
fixed voltage source 35 having a voltage -V disposed within 
the zoom lens 33. The output of the slider W is 
sequentially connected to an A/D converter 36, a computation 
unit 37, for example, a microcomputer, a D/A converter 38, 
the + terminal of a subtracter 39, an operational amplifier 
40, and a motor 42 for driving a lens 41 having a zooming 
function, all of which are disposed in the zoom lens 33. 
The output of a position detector 43 for detecting the 
position of the lens 41 is sequentially connected to the 
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computation unit 37 through the A/D converter 36. The 
output of a velocity detector 44 for detecting the angular 
velocity of the motor 42 is fed back to the - terminal of 
the subtracter 39. 

[0015] When an operator operates the zoom demand 31 to 
adjust the focal length, the slider W moves along the 
resistor R in accordance with the amount and the direction 
of the operation in the potentiometer 32 so as to move the 
contact with the resistor R. The position of this contact 
and the output power from the slider W uniquely correspond 
to each other. The output from the slider W is converted 
into a digital signal in the A/D converter 43 and is input 
into the computation unit 37 at every sampling period as a 
demand signal S^. The position detector 43 detects the 
position of the lens 41. This detection signal is converted 
into a digital signal indicating a certain numeric value in 
the A/D converter 43, and is input into the computation unit 
37 at a predetermined sampling period as a lens position 
signal P^. The computation unit 37 processes the demand 
signal and the lens position signal P^^ so as to generate a 
control signal for the motor 42. 

[0016] Fig. 2 is a flowchart illustrating a computation 
process by the computation unit 37. In step SI, the demand 
signal is input from the A/D converter 32 at every 
predetermined sampling period. In step S2, this demand 
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signal S^^ is normalized to a normalized signal S*^- 
expressed by the following equation, the normalized signal 
S*jj can be obtained by dividing the demand signal by the 
maximum Smax of all the demand signals S^. 

S*n = S*j,/Smax ... (1) 

[0017] In step S3, a focal length command value indicating 
a desired focal length is computed based on the normalized 
signal S*j^. In order to keep the amount of operation of the 
zoom demand 31 and a change in the angle of view to be 
constant, the ratio of the focal length command value at 
the current sampling period to the focal length command 
value F^_i at the previous sampling period, i.e., ^n/^n-i ^ ^ 
must be constant. This can be implemented by using the 
following equation. 

= ^n~i * (Ft/Fw)^ [where a = S*^, • c] ... (2) 
[0018] Fw is the focal length of the wide angle end; Ft is 
the focal length of the telephoto end; and the constant c is 
the reciprocal of the value obtained by dividing the time T 
required for moving the lens 41 from the wide angle end to 
the telephoto end at the highest velocity by the sampling 
period 5t, i.e., c = 5t/T. 

[0019] In step S4, the lens position command value is 
computed from the focal length command value F^ by using a 
preset conversion table or an arithmetic equation, and is 
stored together with the lens position command value 
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before sampling. 

[0020] In step S5, the computation unit 37 receives the 
lens position signal obtained in the position detector 43. 
In step S6, the lens position signal is subtracted from 
the lens position command value C^, expressed by the 
following equation, thereby generating a difference signal 

^ n* 

= - Pn ... (3) 

[0021] In step SI , the offset value Poff is calculated by 
using a predetermined function f(Pn) in which the lens 
position signal P^^ is used as a variable. For example, the 
function shown in Fig. 3 can be used, and the vertical axis 
indicates the offset value Poff, and the horizontal axis 
represents the value P^ of the lens position signal. This 
function Poff=f(Pn) can be expressed by the following 
equations . 

Poff = Ow [Pw < Pn < Pa] ... (4) 

Poff = (Ob-Ow) / (Pb-Pa) • {Pn-Pa)+Ow [Pw < P^ < Pa] 

... (5) 

Poff = (Ot-Ob) / (Pt-Pb) • {Pn-Pb)+Ob [Pb < P^, <' Pt] 

... (6) 

[0022] The constant Pw is the lens position signal P^^ when 

the lens 41 is positioned at the wide angle end, and the 
constant Pt is the lens position signal Pj^ when the lens 41 

is positioned at the telephoto end. 
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[0023] In step S8, by considering the sign of the 
difference signal P*^/ the offset value Poff obtained in 
step S7 is added or subtracted to or from the difference 
signal P^^ calculated in step S6, thereby generating a 
signal P**n- From the relationship between the lens 
position command value C^^ at the current sampling period and 
the lens position command value C^-i at the previous sampling 
period, the signal P^'^'n obtained from the following 

equations . 

P**n = P^'n + Poff [C^-Cn-l < 0] ... (7) 

P**n = P*n - Poff [C^-C^_i. > 0] ... (8) 

P**n = P'^n + 0 (Poff=0) [C^-C^.i - 0] ... (9) 

[0024] In step S9, the signal P**^ is multiplied by a 
constant gain G to calculate the lens velocity command value 

= G • P**n ... (10) 

[0025] In step SIO, the lens velocity command value V^^ is 
output to the D/A converter 4 4 and is converted into an 
analog signal. This analog signal is output to the 
subtracter 39, and the difference between the analog signal 
and the angular velocity signal obtained in the velocity 
detector 44 is calculated. This difference signal is 
amplified by the operational amplifier 43, and is then input 
into the motor 42 to drive the motor 4 2 to move the lens 41 
to the position corresponding to the operation of the zoom 
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demand 31. 

[0026] In this embodiment, by performing the computation in 
the computation unit 37, as shown in Fig. 2, the angle of 
view can be changed at a constant ratio while keeping the 
amount of operation of the zoom demand 31 to be constant, 
and also, the lens 41 can be moved smoothly even when slow 
zooming is performed. 

[0027] Fig. 4 is a schematic diagram illustrating a. second 
embodiment. A potentiometer 52 including a resistor R and a 
slider W is disposed within a zoom demand 51. One end of 
the resistor R is connected through a signal line to a fixed 
voltage source 54 having an output voltage +V disposed 
within a zoom lens 53, and the other end of the resistor R 
is connected through a signal line to a fixed voltage source 
55 having an output voltage -V disposed within the zoom lens 
53. The output of the slider W is sequentially connected to 
an A/D converter 56, a computation unit 57, for example, a 
microcomputer, a D/A converter 58, an operational amplifier 
59, and a motor 61 for moving a lens 60 having a zoom 
function, all of which are disposed within the zoom lens 54. 
The output of a position detector 62, for example, an 
incremental encoder, for detecting the position of the lens 
60 is sequentially connected to the computation unit 57 via 
a counter 63. 

[0028] When an operator operates the zoom demand 51, the 
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slider W moves along the resistor R in accordance with the 
amount of operation in the potentiometer 52 so as to move 
the contact with the resistor R. The output voltage of the 
slider W is uniquely determined in relation to the position 
of this contact. The output of the slider W is converted 
into a digital signal in the A/D converter 56, and is input 
into the computation unit 56 at every predetermined sampling 
period as a demand signal S^. 

[0029] Meanwhile, the position detector 62 detects the 
position of the lens 60, and outputs it to the counter 63 as 
a digital amount. The counter 63 accumulates the digital 
amount and stores it as a lens position signal P^r and also 
outputs it to the computation unit 57 at every predetermined 
sampling period. 

[0030] The computation unit 57 processes the demand signal 

and the lens position signal so as to generate a 
control signal for the motor 61. A process for this 
computation operation is substantially similar to that 
indicated by the flowchart of Fig. 2. The lens velocity 
command value expressed by equation (10) is determined, 
and then, the lens velocity indicating the velocity of 
the lens 60 at the current sampling period is determined. 
This lens velocity can be expressed by the following 
equation by using the lens position signal P^ stored in the 
counter 63, the lens position signal P^-i which has been 
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input one sampling period before, and the sampling period 5t . 

Un = (Pn - Pn-l) /St ... (11) 

[0031] ^ Then, the computation unit 57 determines the 
difference between the lens velocity command value V^^ and 
the lens velocity U^^. The result is output to the D/A 
converter 58 as a difference signal and is converted into an 
analog signal. The analog signal is then amplified in the 
operational amplifier 59 and is supplied to* the motor 61. 
The motor 61 is then driven to move the lens 60 to the 
position corresponding to the operation of the zoom demand 
31 at the calculated velocity. 

[0032] In the first embodiment, the moving velocity of the 
lens 41 is detected as the analog amount by detecting the 
angular velocity of the motor 42.. In the second embodiment, 
however, the position of the lens 60 before being moved is 
detected by the position detector 62 as the digital amount, 
thereby calculating the moving velocity of the lens 60. In 
the second embodiment, advantages similar to those of the 
first embodiment can be obtained. 

[0033] When determining the signal P**^' the following 
equations may be used instead of equations (7) through (9) . 
P**n ^ P*n + 0 {Poff=0) [C^-C^-i > 0, P*^ < 0] ... (12) 

P**n = P*n + Poff [Cn-C^-1 > 0, P*^ > 0] ... (13) 

P**n = P*n 0 (Poff=0) [C^-C^.i = 0] ... (14) 

[0034] Fig. 5 is a schematic diagram illustrating a third 
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embodiment. An encoder 72 is disposed within a zoom demand 
71. The output of the encoder 72 is sequentially connected 
to a counter 73 and a computation unit 74. The output of 
the computation unit 74 is sequentially connected through a 
signal line to a computation unit 76, an A/D converter 77, 
an operational amplifier 78, and a motor 80 for driving a 
lens 79 having a zoom function, all of which are disposed 
within a zoom lens 57. The output of a position detector 81, 
for example, an . incremental encoder, for detecting the 
position of the lens 7 9 is connected to the computation unit 
7 6 through the counter 82. 

[0035] When an operator operates the zoom demand 71, a 
pulse train is output from the encoder 72 in accordance with 
the operation. This pulse train is added or subtracted in 
the counter 73, and is computed by the computation unit 74 
as a demand signal S^^ indicating a digital amount. The 
demand signal is then input into the computation unit 7 6 
within the zoom lens 75 at every constant sampling period. 
The position detector 81 detects the position of the lens 79 
and outputs the detection result to the counter 82 as the 
digital amount. The counter 82 accumulates the digital 
amount, and stores it as a lens position signal 
indicating the position of the lens 79 at the current 
sampling period. 

[0036] As in the second embodiment, in the third embodiment. 
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the lens position signal P^. indicating the position of the 
lens 79 before being moved is detected as the digital amount, 
and also, the amount of operation of the demand 71, that is, 
the demand signal Sj^ indicating the amount of movement of 
the lens 79 is also detected as the digital amount. 
[0037] The computation unit 76 processes the lens position 
signal and the demand signal S^^ so as to generate a 
control signal for the motor 80, thereby moving the lens ,79- 
A process for this computation operation is similar to that 
of the second embodiment, and ultimately, the lens velocity 
command value V^^ expressed by equation (10) and the lens 
velocity expressed by equation (12) are determined. When 
calculating the focal length command value expressed by 
equation (2), it is assumed that the exponent a is equal to 
S\ (a=S%). 

[0038] The difference between the lens velocity command 
value and the lens velocity U^^ is determined, and is 
output to the A/D converter 77 and is converted into an 
analog signal. The analog signal is then amplified in the 
operational amplifier 78 and is output to the motor 80. 
Based on this input signal, the motor 80 moves the lens 69 
to change the angle of view. 
[0039] 

[Advantages] As described above, according to the lens 
systems of the first and second inventions, the amount of 
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operation of a zoom operating member and a change in the 
field of view can be kept to be constant, thereby improving 
the operability. Additionally, driving means are controlled 
to move the lens by a signal reflecting an offset value 
corresponding to the position of the lens before being moved. 
Accordingly, the lens can be smoothly moved even when slow 
zooming, which does not considerably change the position of 
the lens after being moved, is performed. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a schematic diagram illustrating a first 
embodiment . 

[Fig. 2] Fig. 2 is a flowchart illustrating a process for a 
computation operation in a computation unit. 
[Fig. 3] Fig. 3 is a graph illustrating a function of an 
offset value by using the position of a lens as a variable. 
[Fig. 4] Fig. 4 is a schematic diagram illustrating a 
second embodiment. 

[Fig. 5] Fig. 5 is a schematic diagram illustrating a third 
embodiment . 

[Fig. 6] Fig. 6 is a schematic diagram illustrating an 
example of a known lens system. 

[Fig. 7] Fig. 7 is a schematic diagram illustrating another 
example of a known lens system. 
[Reference Numerals] 
31, 51, 71 zoom demand 
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32, 52 potentiometer 

37, 57, 74, 7 6 computation unit 

39 subtracter 

41, 60, 79 lens 

42, 61, 80 motor 

44 velocity detector 

43, 62, 81 position detector 
63, 73, 82 counter 

72 encoder 
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FIG. 2 

51 INPUT DEMAND SIGNAL n 

52 NORMALIZE SIGNAL 

53 FOCAL LENGTH COMMAND VALUE 

54 CONVERT FOCAL LENGTH COMMAND VALUE INTO LENS POSITION 
COMMAND VALUE C^ 

55 INPUT LENS POSITION SIGNAL 

56 CALCULATE DIFFERENCE SIGNAL 

57 CALCULATE OFFSET Poff 

58 COMPUTE OFFSET 

59 CALCULATE LENS VELOCITY V^ 
SIO OUTPUT Vn TO D/A 

FIG. 3 

LENS POSITION 
OFFSET VALUE Poff 



